Pilot whales Globicephala spp. have long been thought to be deep divers. One trained short-finned pilot whale G. macrorhynchus was documented diving to 504 m and possibly made a voluntary dive to 609 m (Bowers & Henderson 1972) . Based on the species of prey taken, Gannon (1995) suggested that long-finned pilot whales G. melas off the east coast of the US foraged at 70 to 165 m in depth, while Desportes & Mouritsen (1993) suggested that around the Faroe Islands this species fed at depths between 100 and 500 m. Like many cetaceans, however, dive depths of wild long-finned pilot whales have not previously been reported . Here, we present the first dive data of long-finned pilot whales, obtained using suction-cup-attached time-depth recorders deployed on whales in the Ligurian Sea (approximate location 43°17' N, 7°30' E), off the coast of northwest Italy.
Materials and methods. Field work was undertaken from a 15.5 m motor sailer and a 4.2 m inflatable. The tags used were the same as those used to study the diving behavior of several other species of cetaceans (Baird 1998a , Hooker & Baird 1999 , Baird et al. 2000 . Each tag weighed about 400 g and contained a VHF radio transmitter (Telonics) with a 30 cm semirigid wire antenna, and a time-depth recorder (TDRMk6, Wildlife Computers), which was set to sample depth and velocity once per s, and water temperature once per 5 s. One TDR recorded depth at 2 m increments (accuracy: ± 2 m), while the others recorded depth at 8 m increments (accuracy: ± 8 m), and the maximum depth range of the instruments was 500 or 2000 m, respectively. Velocity was measured by rotation of a paddlewheel; these readings are presented as relative velocity, as precise calibration varies with position of the tag on the body (Baird 1998b) , as well as likely variation with body size. Since pilot whale dive depths likely depend in part on the depth of their prey, and many potential prey species may migrate vertically in response to changing light levels, we set the TDR to record light level every 5 s. Light was measured with a photodiode (BPX 63, Siemens Components), which had ABSTRACT: Pilot whales Globicephala spp. have long been thought to be deep divers, yet little information is available on dive depths. During August 1999 we obtained detailed dive data from suction-cup-attached time-depth recorder/VHF radio tags deployed on 5 long-finned pilot whales G. melas. Pilot whales were tagged for short periods (average 5 h ind. Tags remained attached after dark on 2 whales and shortly after sunset both whales made several deep dives (max. 360 and 648 m). Velocity on these deep dives was greater than during shallow dives either during the day or at night, suggesting that these deep dives function primarily for foraging. Our results confirm the supposition that long-finned pilot whales can dive deep, particularly within 2 h after sunset, which is the time that vertically migrating prey become more readily available as they move closer to the surface. KEY WORDS: Diving · Foraging · Globicephala · Pilot whale · Diel behavior
Resale or republication not permitted without written consent of the publisher a spectral sensitivity at 350 to 1100 nm, with peak sensitivity at 800 nm. Light values were recorded in uncalibrated units; calibration of the values followed McCafferty et al. (1999) , with units converted to illuminance (lux) using the formula: ln(lux) = 0.13 × TDR output -12.
Tag bodies were constructed from syntactic foam (to allow tags to float after they fell off) and were attached with an 8 cm diameter suction cup (Canadian Tire). Tags were attached to the end of a 4 to 5 m pole and were deployed from both the yacht (5 tags) and the inflatable (1 tag) while the pilot whales were swimming underneath or around the boats. Once tagged, whales were followed with the help of a radio direction finder (ATS) and their location recorded using a GPS in the boat when near the tagged whales. We recorded behavior ad libitum. When tags were recovered, data were downloaded to a computer in a hexadecimal format and were processed using software provided by the TDR manufacturer (Wildlife Computers).
Results and discussion. Long-finned pilot whales were encountered on 1 and 3 August 1999 off the coast of Italy, south of San Remo, in water depths of over 2000 m. On 1 August the whales were first seen approximately 90 km offshore and traveled a net distance of approximately 25 km over a 12 h period. On 3 August the whales were first seen approximately 40 km offshore and traveled a net distance of approximately 10 km over a 12 h period. On both days between 30 and 50 individuals were seen, and up to 15 individuals at one time would bowride on the yacht. Identification photos taken showed no matches between the 2 days; however, only a small number of individuals were identifiable from the photos. Three tags were deployed on each of the 2 days, in a total of 9 tagging attempts (successful attempts shown in Table 1 ), and 5 of the 6 tags were recovered. The immediate reaction in each case was a fast dive by the tagged animal. In all but 1 case, tagged individuals were easy to approach afterwards and often returned to bowride on the yacht. Shortly after tagging, 1 whale began breaching and rolling on its side until the tag began sliding along the body, coming off after 32 min. Shortly after the tag fell off, this whale returned to the boat and resumed bowriding. Behavior of the whales during daylight hours included directional travel, social/play behavior (e.g. breaching, rolling at the surface, frequent contact between individuals and rubbing against the vessel's hull) and some periods where the tagged whales (and other whales nearby) rested motionless at the surface. Of the 5 tags that were recovered, attachment duration ranged from 32 min to 9 h 48 min (total = 25 h, 3 min; mean = 5 h; Table 1 ) and 2 of the tags remained on after sunset, with 7 h 25 min of night-time data (Fig. 1) . Gender of 3 of the tagged whales was confirmed either by observation of the genital region when the whales were rolling at the surface, or based on the larger size and more bulbous head of males (Bernard & Reilly 1999) .
During daylight hours all the tagged whales spent their time in the upper 16 m of the water column (Fig. 1) . Temperature of these surface waters ranged from 19 to 25°C (mean = 23.9°C for August 3). In both cases when the tags remained on after sunset, deeper dives were documented (Table 2 ). These included 2 dives for 1 individual (on 1 August, referred to hereafter as Whale 2, see Table 1 ) and 4 for the other (on 3 August, referred to hereafter as Whale 5); however, the tag for Whale 5 came off at 576 m depth as the whale was ascending, so the duration of the fourth dive is not known. Dive durations at night ranged from 2.14 to 12.7 min ( Table 2 ). The deepest dive documented was to 648 m, by Whale 5, a sub-adult male. Water temperature at depths below 24 m dropped to 13 to 16°C (Whale 5 mean = 14.6°C). Rates of descent for the deep dives ranged between 1.46 and 2.11 m s -1 (mean = 1.75, SD = 0.34, n = 6), while rates of ascent were slightly faster (range 1.2 to 2.98 m s -1 , mean = 2.02, SD = 0.68, n = 5). Such rates are similar to those documented for other mid-sized odontocetes (e.g. Baird 1994 , Martin et al. 1994 , Martin & Smith 1999 .
It is interesting to note that for the 1 tag which stayed on for a substantial period after sunset (almost 6 h), the only deep dives that were recorded were those immediately following sunset. Leatherwood et al. (1973) and Amano & Baird (1998) found longer and deeper dives at night for 2 tagged short-finned pilot whales in the Pacific Ocean. Light levels at depth during deep dives were similar to light levels found near the surface later at night (Fig. 2) , SD = 0.64; Fig. 3 ). Such variable levels near the surface during the day reflect the diversity of behavior we observed, including rest, social interactions, play behavior and travel, compared to the probable singular function of deeper dives.
Since dive capability generally increases with body size (Schreer & Kovacs 1997) , adult male long-finned pilot whales probably are capable of deeper dives than reported here. Little is known about the diet of long-finned pilot whales in the Mediterranean, although there is some evidence 303 Fig. 2 . Dive depth (solid lines) and light (dashed lines) data for Whale 2 (top) and Whale 5 (bottom), with time of sunset indicated by the arrows. Differences in light levels between the 2 whales are likely due to differences in tag position on the whale's body. When light readings for Whale 5 were flat at the deepest points of dives, the light levels were below the minimum detectable by the sensor. Note that temperature-related drift in the surface values (see results in the end point of dives appearing at depths of approximately 30 m. Thus, while the second dive for Whale 5 appears to be to just over 100 m, corrected maximum depth is 72 m (Desportes & Mourtisen 1993) . This species of squid is known to show strong diel vertical migrations, being found at depths greater than 1000 m during the day and near the surface at night (Roper & Young 1975) , presumably in association with deep scattering layer (DSL) organisms. We suggest that the pilot whale deep dives shortly after sunset are feeding dives to (or towards) the DSL, as it moves towards the surface in response to decreasing light levels. Once this layer of organisms has moved closer to the surface, such deep dives would be unnecessary, a possible explanation for the lack of deep dives long after dark. The fact that velocity near the surface after sunset is slightly faster than during the day (Fig. 3 ) may suggest that feeding occurs near the surface at night, although our time-depth data cannot confirm this suggestion and our sample size is too small. Desportes & Mouritsen (1993) note some surface feeding of pilot whales on squid at night. It is surprising, however, that the dive depths for Whale 5 did not decrease over time after sunset (Figs. 1 & 2) , as would be expected if the whale was tracking the ascending DSL. Such potential 'tracking' of the rising DSL has been documented with pantropical spotted dolphins Stenella attenuata (Scott et al. 1993 ). Because our sample size is limited, further deployments of time-depth recorders on this species and direct sampling at the depths of the dives would be necessary to confirm our suppositions. Because of the ease of approach to long-finned pilot whales in the Ligurian Sea and their tendency to bowride, a behavior not regularly observed for this species elsewhere, time-depth recording studies could easily be undertaken. 
